ABSTRACT
Introduction
Medulloblastoma (MDB) is an aggressive tumor of central nervous system (CNS) located in the cerebellum and represents the more frequent and studied malignant tumor of CNS of paediatric age [1] . MDB less frequently affects adult patients [2, 3] . With modern protocols survival is high (70-80%) but neuropsychological damages on developing brain may be severe. Radiotherapy is one of the relevant causes of therapy related brain damage. The aim of modern protocols is to grade tumor aggressiveness relying on solid prognostic factors. The intensity of treatment may be modulated by risk group (lowstandard-high). Such an approach may limit the use of radiotherapy to less favorable groups of patients and protect infants and young children from radiotherapic damages [4] .
Proteomic studies on MDB were mainly limited to cell lines DAOY and D283 which shared Ded protein, an antiapoptotic principle [5] . Modifications induced in vivo by radiotherapy have not been investigated with a proteomic approach. The presented case offered the unique opportunity to investigate an Anaplastic MDB at diagnosis and at relapse after sole radiotherapy.
Materials and Methods

Patient
The patient, a 26 year old white male, presented with a large tumor of the cerebellar vermis (Figure 1(a) ) which was totally resected (Figure 1(b) ). Histological diagnosis was Anaplastic MDB, according to WHO 2007 classification [1] . The patient underwent radiotherapy, which delivered 54 Gray on the whole neuraxis with regression of clinical symptoms. Eight months later a local relapse developed (Figure 1(c) ) and a second neurosurgery was performed.
Proteomics
2D-electrophoresis using pH range of 3-10 (Bio-Rad) was performed as previously described [6] on snap frozen tissue of the primary tumor to detect a complete pro-teomic profile of the sample. Since the majority of proteins were included in the 4-7 pH range, to analyze the proteins involved in radiotherapy response, further analysis of primary tumor and its relapse was limited to such range. More than 450 detectable protein spot were found on primary tumor and 270 in the relapse gel with the aid of image analysis software PDQuest version 7.2 (Bio-Rad). As previously described [7] , the spots excised from 2D-electrophoresis Colloidal Comassie stained gels were destained (in 50% ACN and 5 mM NH 4 CO 3 ), dehydrated in 100% ACN and digested overnight with 5 µl trypsin solution (0,1 mg/ml trypsin and 5 mM NH 4 CO 3 ). The mass spectrometer used in this work was a MALDI-TOF (MALDI micro MX, Waters, MA, USA) with a delayed extraction unit. Peptide spectra were obtained in reflection mode in the range 800-3000 Da. Database searching was performed using the 25 most intense measured peptide masses against the Swiss-Prot database (one missed cleavage with the trypsin enzyme selected, oxidation of methionine as potential variable modification, peptide tolerance of 100 ppm, taxa human) using the free search program MASCOT (http://www. matrixscience.com).
Only protein identifications with significant Mascot score (p < 0.05) were taken into consideration.
Western Blotting
The presences of Stathmin 1 (STMN1) was investigated by western blot. Protein samples (20 µg) were separated in a 10% polyacrylamide gel and transferred to nitrocellulose membrane. STM1 rabbit polyclonal antibody (Cell Signaling) was diluited using manufacturer's instruction and incubated overnight at 4˚C. After incubation with the appropriate secondary antibody, immunoreactive bands were detected with an enhanced chemiluminescence (EuroClone). The membranes were after stripped and reprobed for β-Tubulin (rabbit monoclonal, 9F3; Cell Signaling, 1:1000 diluition) as a protein loading control.
Real Time PCR
The presence of Heat Shock Proteins 27 (HSP27), HSP60, ER60 in both tumor samples was investigated by Real-Time PCR analysis in order to validate proteomic findings. Ribosomal protein (S14) was used as reference gene to normalize cDNA across samples. Primers were designed using Primer 3 with the Beacon Designer Software (PREMIER Biosoft International) for: 1) HSP27 forward GCTGACGGTCAAGACCAAGG-3' and reverse 5'-ATGTAGCCATGCTCGTCCTG-3'; 2) HSP60 forward 5'-GCTGAAGATGTTGATGGAGA-3' and reverse 5'-TTGTCACCAAACCCTGGAGC-3'; 3) ER60 forward 5'-TTCCTGTTGCTATCAGAACTG3' and reverse 5'-ACCTCTCCAGAGCCTTCCCA-3'. Realtime-PCR was performed with the ABI PRISM 7900 Ht Applied BioSystem instrument.
Results and Discussion
The present case offered the unique opportunity of study the original tumor (Figure 1(a) ) that underwent radical resection (1(b)) and relapse (1(c)) after radiotherapy. MRI control scan, two weeks after second surgery, detected dorso-lumbar leptomeningeal seeding. Chemotherapy was started with Cisplatinum and Vincristin. Despite chemotherapy the patient died few weeks later.
To investigated radiotherapy response proteomic analysis of primary tumor and relapse was performed. Figures 1 (d) and (e) demonstrated that these two tissue samples (Anaplastic Medulloblastoma at diagnosis and at relapse) presented remarkable different proteomic patterns, with striking difference in the distribution and number of proteins or spot intensity. From gel comparison sixty-one proteins (Tables 1-3) appeared differentially expressed between primary tumor and its relapse after radiotherapy. Among the proteins identified, 37 (60.6%) proteins were only present in the original tumor and lost after radiotherapy ( Table 1) , and 18 (29.5%) were only found in the relapse tumor after radiotherapy ( Table 2) ; 6 (9.8%) proteins were actually present in both samples ( Table 3) . Several protein biologically related to MDB growth and aggressiveness were present only in the primary tumor: these included MEIS1, which has DNA-binding property and a role in embryogenesis and in CNS development [8] , Annexin VIII involved in regulation of process of apoptosis, some Heat Shock Proteins (HSP70 protein 5 and 8) and several enzymes or enzyme inhibitors (Peroxiredoxin-2, Alpha-1-antiproteinase, alfaenolase, Cyclin dependent kinase 9, GTPase activating protein, etc). An impressive modification of the protein repertoire was induced by radiotherapy. Only six proteins were expressed in both tumor samples ( Table 3) . From these STM1, HSP60, HSP27 and ER60 were further investigated. The presence in both samples of STMN1 was confirmed by western blot (Figure 2(a) ), while that of HSP27, HSP60 and Disulfide Isomerase by Real-Time PCR. Figure 2(b) illustrated the ratio between messenger RNA levels in Anaplastic MDB and levels in MDB after radiotherapy. In agreement to proteomic data, HSP27, HSP60 and ER60 proteins were expressed in both tumor with the similar levels. These conserved proteins, which possibly represented an essential protein asset linking the original tumour to the post radiotherapy relapse, were considered of biological relevance. STM1, a cytosolic phosphoprotein involved in cell proliferation and mobility, has been reported as a marker of aggressiveness in MDB [9] . HSPs originally described as chaperonines also play a role in tumor development and progression in several tumors [10] with possible modulated influence depending on histotype. ER60 showed a role in protein folding in Endoplasmic Reticulum and, with its precursor ER57, interacts with important signalling targets and III Table 1 beta Tubulin [11] .
Radiotherapy has a key role in the treatment of MDB in children as well as in adult patients [12, 13] and almost all protocols for high risk patients include radiotherapy treatment as a second step, after radical surgery, followed by chemotherapy. Tumoral cell death induced by radiotherapy is obtained by DNA damages but relevant differences in radiosensitivity were observed in tumors of different histotype and the factors conferring resistance to radiotherapy are not completely understood [14] .
MDB is a radiotherapy sensitive neoplasia but mechanism that modulate cell resistance in vivo are not well known. A proteomic approach has been utilized on epithelial cancers to correlate protein expression to response to radiotherapy [15, 16] . These studies on colonic or breast cancer did not analyze protein expression modifications on RT treated tumors in vivo. Recently, utilizing a murine model of MDB and MDB cell lines, tumor cell modifications after the exposure to a course of total body radiation were investigated [17] . This study re- vealed important intracellular signalling modifications in tumor cells with activation of PI3K pathway. Experimental data may not be directly compared to the in vivo effects of radiotherapy on human patients due to higher complexity of histology in human MDB [18, 19] and the sophisticated approach of patients radiotherapy treatment.
Modifications of protein expression induced in vivo by radiotherapy alone on human MDB are practically unknown. The case presented was someway unique because the relapse occurred after radiotherapy alone without any contribution of chemotherapy. The radiotherapy induced differential protein expression showed a somewhat new scenario with three relevant aspects: 1) a reduced asset of proteins in MDB after radiotherapy, 2) the appearance of new proteins and 3) few conserved proteins. A better understanding of radiotherapy induced changes on MDB cells may offer the opportunity of a more rational selections of drug regimens or suggest innovative approaches taking advantage of the reduced protein expression after radiotherapy [14] . Data presented confirmed the importance of Sthatmin as a marker of aggressiveness in Anaplastic MDB as this protein was one of the few proteins expressed in both of the tumor samples.
In fact the radiotherapy induced changes of protein expression, as evidenced by proteomic analysis, may represent an escape strategy of the tumor to survive to radiotherapy and a reversal to a more undifferentiated, stem cell-like status. On the other hand, the new protein expression patterns displayed by radiotherapy treated cells may modify cell sensibility to specific cytotoxic drugs or suggest innovative treatment strategies as the findings on the mouse model shows [17] . The expression of CD140a (PDGFRa) may be of particular interest as one of the possible target of anti-receptor small molecules of recent development [20] .
Conclusions
Proteomic analysis of post "in vivo" radiotherapy of Anaplastic Medulloblastoma disclosed relavant modifications of protein profile. The reduction of proteins present in the relapse after radiotherapy alone was impressive: almost 40% of the total protein repertoire was lost and few "new" proteins were detected. The expression of CD 140 as a new radiotherapy induced protein could be of particular interest as a possible target of anti-receptor therapeutic approach. A proteomic guided chemotherapy based upon protein depauperation induced by radiotherapy could take advantage of the limited protein expression and target these proteins, precluding to the tumor any survival alternative.
A detailed study on a large number of cases may disclose new opportunities for combined therapy based on solid scientific data of radiotherapy effects and not only on long lasting empirical experience.
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